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摘 要 
铂族金属纳米材料是燃料电池、石油化工等领域中广泛使用的催化剂。由于铂族金属资
源匮乏、价格昂贵，如何进一步提高铂族金属纳米材料的催化活性、稳定性和利用效率一直
是氢能源和相关领域的重大关键问题，因此，铂族金属纳米材料的制备及其性能是当今的研
究热点之一。纳米粒子的表面能较大，容易团聚导致催化剂的利用率降低。为了防止纳米粒
子的团聚，通常在合成时加入表面活性剂做为纳米粒子的稳定剂，以达到制备分散性好的小
尺度纳米粒子的目的。稳定剂吸附在纳米粒子表面，降低纳米粒子表面能使其稳定存在。但
稳定剂的加入带来了一个很大的问题，即这些稳定剂占据着纳米粒子的表面位使其催化活性
降低。即使通过有效的物理化学方法彻底除去表面活性剂，纳米粒子的稳定性仍存在问题。
有序介孔碳具有比表面积大和孔体积高等特点，通过介孔碳为模板限域纳米粒子，能够合成
出具有均匀尺度的贵金属电催化剂，不需要加入稳定剂便能达到很高的活性和稳定性，因此
利用介孔碳为载体的催化剂具有重要价值和广泛的应用前景。 
本工作一方面以有序介孔碳 MP-C-46 做为载体制备出尺寸控制的贵金属纳米粒子电催化
剂；另一方面用方波电位电沉积方法制备出形状控制的铂偏三八面体电催化剂，并研究其结
构和性能。主要研究内容和结论为以下四个部分： 
 
(1) 以可溶性酚醛树脂为前驱体，F123 为模板剂，通过一步法合成介孔碳 MP-C-46(MPC)，
其孔道直径和孔壁分别为~5.6 nm和~2.3 nm，比表面积和孔体积分别为2100 m2/g和2.0 cm3/g。
以 MPC 为模板，利用氯铂酸的熔融扩散，将氯铂酸均匀地载入孔道内，然后通过加氢还原制
备出限域性铂纳米催化剂 (Pt/MPC)。XRD、BET 和 TEM 表明 Pt 纳米粒子负载于 MPC 孔道
和孔壁内，电化学和原位红外光谱表征了 Pt/MPC 对乙醇的电催化性能。和商业碳载铂 (Pt/C)
相比，Pt/MPC 对乙醇电催化氧化电位负移 43 mV。经过长时间的电位扫描，Pt/MPC 和 Pt/C
的活性面积损失分别为 4.73%和 14.75%，表明 Pt/MPC 具有很高的稳定性。原位红外光谱研
究表明 Pt/MPC 有利于碳碳键的断裂，对乙醇氧化表现出较高的选择性。 
(2) 利用方波电沉积法制备了 Pt 偏方三八面体, 表面均为{hkk}高指数晶面, 经 HRTEM 
和 SEM 等表征，所制备的偏方三八面体 Pt 纳米晶体，表面为{522}、{733}、{311}等高指
数晶面结构。实验证实 Pt 偏方三八面体对甲酸、乙醇电氧化的催化活性分别为商业 Pt/C 催
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化剂的 6.4 倍和 2.7 倍。 
(3) 利用传统浸渍法制备了限域在孔道内的 Pd 纳米粒子 (Pd/MPC-1)，利用硫引入贵金
属的方法制备了限域在孔壁上的小介孔内的 Pd 纳米粒子 (Pd/MPC-2)，并用 XRD、SEM 和
TEM 表征了催化剂形貌。由于介孔碳分散了钯纳米粒子从而提高了钯的质量活性，因此对甲
酸氧化 Pd/MPC-1 和 Pd/MPC-2 质量活性分别为钯黑的 4 倍和 2.4 倍。此外，用电化学循环伏
安法，稳态电流曲线考查了 Pd/MPC-1 和 Pd/MPC-2 的催化剂的活性和稳定性及催化剂的利
用率。研究结果表明 Pd 载入孔壁上的小介孔时钯纳米粒子难以与燃料接触使其利用率比载在
孔道内上钯的利用率低。 
(４) 利用浸渍熔融扩散的方法制备了介孔碳负载铂铋金属间化合物。通过电化学循环伏
安法，稳态电流曲线考查了其催化剂的活性和稳定性，结果表明介孔碳负载铂铋催化剂具有
很高的催化活性，质量活性分别为钯黑的 10.1 倍和商业碳载铂 27.6 倍。 
 
 
 
 
关键词:  介孔碳；铂；偏三八面体；有机小分子；电催化；
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Abstract 
     Platinum-group metal nanomaterials are widely used as catalysts in fuel cells, petrochemical 
industry and other important fields. Because of the poor resources and high prices of 
platinum-group metals, further improving their catalytic activity, stability and utilization efficiency 
has always been a key problem in hydrogen energy and other related fields. So studies of 
preparation and properties of platinum-group metal nanomaterials are recent hot research areas. 
High surface energy of nanoparticles and easy agglomeration lead to a low utilization efficiency of 
catalysts. To avoid agglomeration of nanoparticles, surfactants are often used as stabilizers in 
preparation so that well-dispersed and small size nanoparticles can be obtained. Stabilizers can be 
adsorbed on the surface of nanoparticles and the surface energy is lowered, so nanoparticles can 
exist stably. However, one problem is introduced when stabilizers are used: stabilizers takes up 
some surface sites of the nanoparticles and their catalytic activity is lowered. Although some 
effective physical and chemical methods can be used to remove stabilizers completely, new 
problems arise about the stability of the nanoparticles. Ordered mesoporous carbon with high 
specific surface area and pore volume can be used as a template to confine nanoparticles, and 
stabilizers are not be used in this method, which makes it highly active and stable, so catalysts with 
ordered mesoporous carbon as supporters have an important value and widespread application 
prospect. 
    In this thesis, we use ordered mesoporous carbon MP-C-46 as a supporter to synthesis 
size-controlled nobel metal nanocatalysts and their properties are investigated. In addition, the 
method that quare-wave potential electrodepositionto are used as to synthesis shape-controlled 
trapezohedral Pt nanocrystals. The main research contents and corresponding results are integrated 
into the following four parts. 
    (1) Mesoporous carbon MP-C-46(MPC) with a pore diameter ~5.6 nm , wall of pore~2.3 nm, 
specific surface area 2100 m2/g and pore volume 2.0 cm3/g is synthesized by one-step method, and 
soluble phenolic resin is used as precursor, F123 as a template. And then MPC is used as template, 
chloroplatinic acid is uniformly loaded into its pores by melt diffusion, and then Pt/MPC was 
synthesized with Hydrogenation reduction. Results of XRD、BET and TEM indicated that Pt 
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nanoparticles were loaded into mesopores and small mesopores; elctrochemistry and in situ FTIR 
characterized the electrocatalytic properties of Pt/MPC for ethanol, compared with commercial Pt/C, 
the electrocatalytic oxidation potential of Pt/MPC for ethanol shifted negatively for 43 mV. Long 
time potential scanning leads to a loss of active surface areas 4.73% and 14.75% for Pt/MPC and 
Pt/C, respectively, indicating that Pt/MPC has a very high stability. Results of in situ FTIR 
indicated that Pt/MPC is favorable to break down carbon bond, and has a higher selectivity for 
oxidation of ethanol. 
   (2) Trapezohedral Pt nanocrystals were successfully prepared by square-wave potential 
electrodeposition. And the surfaces of Trapezohedral Pt nanocrystals are identified as {522}、{733} 
and {311} high-index facets by using HRTEM and SEM. It exhibited 6.4 times and 2.7 times higher 
catalytic activity than that of commercial Pt/C catalysts towards electrooxidation of formic acid and 
ethanol, respectively.  
   (3) Pd nanoparticles were successfully loaded into mesochannel (Pd/MPC-1) and wall of 
pore(Pd/MPC-2) of MPC by conventional impregnation method and using sulfur-functionalized 
MPC, respectively. Their topographies were characterized by XRD, SEM and TEM. Mass activity 
of Pd nanoparticles dispersed by mesoporous carbon were improved, which was 3 times higher for 
Pd/MPC-1 and 1.4 times higher for Pd/MPC-2 than palladium black for formic acid oxidation. 
Electrochemical cyclic voltammetry and steady current curve were employed to investigate 
catalytic activity, stability and utilization efficiency of Pd/MPC-1and Pd/MPC-2. Experimental 
results indicated that when Pd nanoparticles were loaded into small mesoporous on the wall of pore, 
they were hard to contact with fuel leading to a lower utilization than that Pd nanoparticles were 
loaded into pore canal.  
(4) Ordered mesoporous carbon-supported PtBi intermetallics was prepared by conventional 
impregnation method. Electrochemical cyclic voltammetry and steady current curve were employed 
to investigate catalytic activity, stability. Experimental results indicated that displays a high mass 
activity toward formic acid oxidation. 
 
Keywords: ordered mesoporous carbon (OMC); Platinum; Trapezohedral; Small organic molecules; 
electrocatalysis. 
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第一章 绪论 
§ 1.1 直接醇类燃料电池简介 
近年来，能源危机和环境污染问题越来越受到人们的高度重视，清洁、无污染的新能源
将是今后相当长一段时间内国际研究与开发的热点之一。燃料电池是目前举世公认的高效、
便捷及环境友好的绿色能源装置。它将燃料与氧化剂发生化学反应时释放的能量直接变换为
电能输出，所以被称为燃料电池。燃料电池由正极、负极和电解质构成，其中负极供给燃料、
正极提供氧化剂。当源源不断地从外部向燃料电池供给燃料和氧化剂时，它可以连续发电。
其中发展 快的是以氢气为燃料的质子交换膜燃料电池 (Proton Exchange Membrane Fuel 
Cell，PEMFC)。然而，在PEMFC向商业化迈进的过程中，氢气来源问题异常突出，氢气供应
设施建设投资巨大，氢的贮存与运输技术以及氢的制备技术等还远落后于PEMFC自身的发展
[1]，限制了氢氧燃料电池的实际应用。因此在20世纪末，直接以醇类为燃料的燃料电池成为
了研究与开发的热点，受到了世界各国的广泛重视，并取得了长足的进展。 
直接醇类燃料电池 (Direct Alcohol Fuel Cell，DAFC) 是一种可直接利用醇类水溶液作燃
料的低温型质子交换膜燃料电池。由于醇类来源广泛、为可再生资源，所以具有广泛的应用
前景。在燃料的选择上，可使用各类有机小分子，如甲醇、甲酸、甲醛、乙醇等，其中甲醇
具有成本低，运输和储存方便，热值较高 (6 kW/kg，汽油也仅为 10～11 kW/kg) 等优点，因
此直接甲醇燃料电池 (Direct Methanol Fuel Cell，DMFC)得到了广泛研究[2-4]。但甲醇也存在
着有毒，易挥发，易透过 Nafion 膜等问题。近年来，各研究机构对甲醇的替代燃料，如甲醛、
甲酸、异丙醇[5-10]、乙二醇[11-12]、肼[13]、硼氢化钠[14]、草酸甲酯[15]、二甲醚[16]、丙三醇[17]等
也逐渐开展相关研究。 
在众多的有机小分子中，乙醇对人体的毒害作用较小，渗透性低[18]，能量密度高[19]，并
且来源广泛，可以通过简单的有机物发酵来实现乙醇的大批量生产，符合绿色化学要求，是
典型的可再生绿色能源，所以近年来直接乙醇燃料电池 (Direct Ethanol Fuel Cell，DEFC)的研
究备受关注[20]。同时直接甲酸燃料电池 DEAFC 具有很多优点[20-22]。例如，甲酸无毒，被美
国食品和药物管理局许可作为食品添加剂[23]。甲酸不易燃，因此在储存和运输的过程中都很
安全。由于 Nafion 膜中的磺酸基团与甲酸阴离子间有排斥作用，因此与甲醇相比，甲酸对
Nafion 膜的渗透率远小于甲醇[24]。甲酸作燃料时浓度可以高达 20 mol/L。而甲醇的浓度只有
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2 mol/L [20]。因此，即使甲酸的能量密度仅是甲醇的三分之一，DFAFC 的功率密度高于 DMFC。
由于甲酸氧化的活化能小于甲醇氧化的活化能。因此，DFAFC 的性能要好于 DMFC。 
§ 1.2 直接醇类燃料电池工作原理 
 
 
 
 
 
 
 
 
Fig. 1.1 Schematic of DAFC 
 
    DAFC与PEMFC相近，只是以醇类和其它有机分子替代了氢，直接用作燃料。直接甲醇
燃料电池 (DMFC) 和直接乙醇燃料电池 (DEFC) 同属于直接醇类燃料电池 (DAFC)，其基本
原理及研究重点有一定的相似之处，DAFC的基本结构如图Fig 1-1所示。 
    理论上，只需将甲醇或乙醇和水的混合物送至燃料电池的阳极，甲醇或乙醇就会发生氧
化反应生成二氧化碳，并释放出电子和质子。电子从阳极经外电路到达阴极形成直流电并对
外做功，质子则通过电解质膜到达阴极并与氧气反应生成水。以乙醇为例，反应如下： 
阳极反应:  CH3CH2OH + 3H2O→ 2CO2 + 12H+ + 12e-     φº = 0.084 V  (1-1) 
阴极反应:  3O2 + 12H+ + 12e- → 6H2O                  φº = 1.229 V  (1-2) 
总反应:    CH3CH2OH + 3O2→ 2CO2 + 3H2O           △E0 = 1.145 V (1-3) 
电池反应的吉布斯自由能改变量与电池电动势的关系可由下式计算： 
△G = -nF△E0 
其中，F 为法拉第常数，n 为反应电子得失数，△E0 是热力学平衡时的电动势。在标准状
态下 (1 atm，298 K)，反应的焓变△H = -1376 kJ/mol，△E0 = 1.145 V,  
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